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CATALYST AND PROCESS FOR POLYMERIZING OLEFINS 

Field of the Invention 

The present invention relates to a catalyst formed by combining a 
monoorganoamide metallocene and a cocatalyst having alkyl aluminum 
functionality and to its use in the polymerization of olefins. 

Background of the Invention 

In the field of olefin polymerization, there is currently much 
excitement generated by the employment of catalyst systems prepared by 
combining various metallocenes with an organoaluminum cocatalyst. Much of 
the excitement regarding the use of metallocenes and olefin polymerization is a 
resuh of the fact that by altering the types of organic groups in the metallocene, 
one can produce varying effects upon the polymerization process. 

The term "metallocene" as used herein refers to those 
organometallic compoxmds in which at least one cyclodienyl group is pi-bonded 
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to a metal of Groups IVB, VB, VIB, and VIII of the Periodic Table. A large 
number of metallocenes are now known, some examples include the 
metallocenes disclosed in such patents as U.S. 4,937,299; U.S. 5,529,966: and 
U.S. 5,444,145. In the past the metallocenes which were most often employed 
in forming polymerization catalysts were those in which the other remaining 
valences of the metal were satisfied by halogen or hydrocarbyl radicals. 

There have been a few references to metallocenes in which the 
remaining valences are satisfied by dihydrocarbylamide radicals. One example 
is U.S. Patent 5,529,966 and another is U.S. Patent 5,444,145. 

The present invention is based on the discovery that active 
polymerization catalysts can be formed by combining a cocatalyst having alkyl 
aluminum functionality with metallocenes in which there is at least one 
monoorganoamide radical bonded to the metal of the metallocene. 

It is considered particularly surprising that such metallocenes 
would be effective as olefin polymerization catalysts because it is believed that 
those skilled in the art would have expected that when such a metallocene was 
combined with a cocatalyst comprising an alkyl aluminum, one would obtain an 
imine which would dimerize to an inactive metallocene. For example, the 
article by Walsh, Hollander & Bergman, J. Am. Chem. Soc, HO (26) 
8729-8733 (1988), particularly on page 8730 suggest that when such a 
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metallocene is contacted with an alkyl aluminum, one would expect an 
alkylation to occur which would form an imine which would dimerize to give 
an inactive metallocene of the type shown in fomiula 2a on page 8730 of that 
article. 

In accordance with the present invention, it has been surprisingly 
discovered that monoorganoamide metallocenes can, in fact, be effective as 
olefin polymerization catalysts when used with a cocatalyst having alkyl 
aluminum functionality. 

Accordingly, an object of the present invention is to provide a 
new class of metallocenes that can be employed in the polymerization of 
olefins. 

Another object of the present invention is to provide a new 
process for polymerizing olefins. 

Summary of the Invention 

In accordance with the present invention, there is provided a 
catalyst system resulting from the combination of a metallocene having a 
monoorganoamide radical bonded to the metal of the metallocene and a 
cocatalyst having alkyl aluminum functionality. Further in accordance with the 
present invention, there is provided a process for polymerizing olefins 
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comprising contacting at least one olefin with the inventive catalyst system 
under suitable polymerization conditions. 

Detailed Description of the Invention 
The monoorganoamide metallocenes used in the present invention 
are those in which the monoorganoamide radical is bonded to the metal of the 
metallocene. 

The term monoorganoamide as used herein refers to an amide 
radical having a hydrogen and an organo group bonded to the nitrogen which is 
in tum bonded to the metal of the metallocene. The organo group can be 
selected from any suitable organo group. Generally, the organo group would 
contain 1 to 20 carbon atoms. One example would be monoalkylamides. 
Another example would be monoarylamides. Generally the aryl group of the 
monoarylamide would have 6 to 20 carbon atoms. The aryl group could also 
have non-hydrocarbyl substituents such as halides. Monoarylamide radicals 
could also be referred to as anilide radicals. 

Some typical monoarylamides are those in which the aryl groups 
are selected from aryl radicals such as phenyl, 2,6-diisopropylphenyl, 
2,4-difluorophenyU 2,6-dimethylphenyl, 2,3,4,5,6-pentafluorophenyl, 
4-tertiarybutylphenyU 2-methylphenyl, and the like. 
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The ciirrently preferred metallocenes of the present invention are 
those of the metals of groups 4b, 5b, and 6b of the Periodic Table. The 
currently most preferred metals are zirconium, hafiiium, and titanium. The 
metallocene can have one or more of the monoarylamide groups. In 
metallocenes in w^hich two cyclodienyl groups are bonded to the metal, it is 
currently preferred for the metallocene to have two of the monoarylamide 
groups bonded to the metal of the metallocene. Some specific examples of 
what is meant by monoaryl amide metallocenes include the metallocenes 
bis(cyclopentadienyl) zirconium bis(2,4-difluoroanilide), bis(cyclopentadienyl) 
zirconium bis(monophenylamide), bis(cyclopentadienyl) zirconium bis(2,6- 
diisopropylpheny lamide), 1 -(cyclopentadieny 1)- 1 -(9-fluorenyl)- 1 -(but-3 -enyl)- 
1 -(methyl) methane zirconium, bis(2,6-diisopropylphenyl amide), bis(l- 
methylindenyl) zirconium bis(2,6-difluoropheny lamide), l-(indenyl)-2-(9- 
fluorenyl) ethane zirconium bis(2,6-dimethylphenylamide), 
bis(cyclopentadienyl) titanium bis(2,3,4,5,6-pentafluorophenylamide), bis(n- 
butylcyclopentadienyl) zirconium (4-tetrabutylphenylamide) (chloride), bis(n- 
butylcyclopentadienyl) hafnium bis(2-methylphenylamide), and the like. 
The monoarylamide groups could also be referred to as monoarylamido groups. 

The metallocenes of the present invention can be prepared by 
reacting a suitable alkaU metal salt of a monoarylamide with a respective 
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metallocene which has a halide or an alkyl group bonded to the metal of the 
metallocene. Examples of metallocenes which can be used as the starting 
material include those disclosed in U.S. 4,937,299 and U.S. 5,444,145. 
Examples of such preparations are disclosed in Walsh et al., J. Am. Chem. Soc. 
110, 8729-8731 (1988); Wartchow andDoye, J. Organomet. Chem. 566, 287- 
291 (1998); and Walsh et al., J. Am. Chem. Soc. 1 14, 1708-1719 (1992). 

The cocatalysts that can be employed in the present invention 
include any suitable organoaluminum compounds containing alkylaluminum 
functionality. Examples include trialkyl aluminum compounds, dialkyl 
aluminum halide compounds, dialkylaluminum hydride compounds, alkyl 
aluminum dihalide compounds, and alkyl aluminoxane compoimds. Some 
specific examples include trimethyl aluminum, triethyl aluminum, triisobutyl 
aluminum, diethyl aluminum chloride, ethyl aluminum dichloride, ethyl 
aluminum sesquichloride, diethyl aluminum hydride, methyl aluminoxane, 
ethyl aluminoxane, and the like. 

The currently preferred cocatalyst is an aluminoxane. Such 
compounds include those compovmds having repeating units of the formula 

R 

wherein R is an alkyl group generally having 1 to 5 carbon atoms. 
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Aluminoxanes, also sometimes referred to as poly(hydrocarbyl 
aluminum oxides) are well known in the art and are generally prepared by 
reacting an organo hydrocarbyl aluminum compound with water. The currently 
preferred cocatalysts are prepared either from trimethyl aluminum or triethyl 
aluminum, sometimes referred to as poly(methyl aluminum oxide) and 
poly(ethyl aluminum oxide), respectively. The currently most preferred 
cocatalyst is methyl aluminoxane, also referred to herein as MAO. It is also 
within the scope of the invention to use solid forms of the cocatalyst, such as 
solid methyl aluminoxane that is only sparingly soluble in toluene. One method 
for forming such a soUd aluminoxane is disclosed in U.S. 5,41 1,925. 

The amount of cocatalyst can vary over a wide range. It is 
currently preferred for the molar ratio of the aluminum in the aluminoxane to 
the transition metal in the metallocene to be in the range of about 0. 1 : 1 to about 
100,000:1 and more preferably about 5:1 to about 15,000:1. 

The catalyst system can be prepared by merely combining the 
metallocene and the cocatalyst in any suitable manner. Typically the two are 
combined in a liquid in which the metallocene is soluble at a temperature in the 
range of about O'^C to about 200"C, more preferably about 0°C to 40X. It is 
within the scope of the invention to prepare the catalyst system in the presence 
of a particulate support such as silica. It is also with the scope of the invention 
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to prepare solid catalyst systems by contacting the catalyst system with an 
olefin to form a solid prepolymerized catalyst system. 

The novel catalyst systems of the present invention can be used to 
polymerize olefins, especially alpha olefins having 2 to 12 carbon atoms. Often 
such polymerizations would be carried out in a homogeneous system in which 
the catalyst and cocatalyst were soluble; however, it is within the scope of the 
present invention to carry out the polymerizations in the presence of supported 
or insoluble particular forms of the catalyst and/or cocatalyst. The catalyst is 
thus considered suitable for solution, slurry, or gas phase polymerization. 

The inventive catalyst systems can be used for the polymerization 
of a wide range of olefins, including alpha olefins having 2 to 12 carbon atoms. 
They can be used to polymerize ethylene in the presence or absence of other 
olefins, including dienes. Examples of other olefins that might be present 
include mono-unsaturated aliphatic alpha-olefins having 3 to 10 carbon atoms. 
Examples of such olefins include propylene, butene-1, pentene-1, 
3-methylbutene-l, hexene-1, 4-methylpentene-l, 3-methylpentene-l, heptene-1, 
octene-1, decene-1, 4,4-dimethyH-pentene, 4,4-diethyl-l-hexene, 
3-4-dimethyl-l-hexene, and the like and mixtures thereof 

The polymerizations can be carried out under a wide range of 
conditions depending upon the particular metallocene employed, and the results 
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desired. It is considered that generally any of the polymerization procedures 
used in the prior art with any transition metal based catalyst systems can be 
employed with the present metallocene inventive compounds. 

In many cases, the polymerization would be carried out in the 
presence of liquid diluents which do not have an adverse affect upon the 
catalyst system. Examples of such liquid diluents include propane, butane, 
isobutane, pentane, hexane, heptane, octane, cyclohexane, methylcyclohexane, 
toluene, xylene, and the like. The polymerization temperature can vary over a 
wide range, temperatures typically would be in the range of about -60 °C to 
about 300 °C., more preferably in the range of about 20°C to about 160 °C. 
Typically the pressure would be in the range of from about 1 to about 500 
atmospheres or greater. 

The polymers produced with this invention have a wide range of 
uses that will be apparent to those skilled in the art from the physical properties 
of the respective polymer. 

A further understanding of the present invention and its objects 
and advantages will be provided by the following examples. 
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Examples 
Example I 

A 35 weight percent dispersion of potassium hydride in mineral 
oil was purchased from Aldrich Chemical Company, Then 6,91 g of the 
dispersion was weighed into a 500 mL flask. The potassium hydride was 
slurried with 30 mL of THF, Then 5.5 mL of aniline in 70 mL of THF was 
added. The rate of addition of the aniline solution was regulated to give gentle 
gas evolution. The slurry was then heated gently to insure complete reaction. 
A small amount of potassium remained. The solution was then decanted off 
and added slowly to a suspension 8.8 g of di(cyclopentadienyl) zirconium 
dichloride, in 150 mL of toluene. After stirring ovemight, the solid was 
stripped off under vacuum and replaced by 200 mL of toluene. The resulting 
slurry was then filtered. The filtrate was stripped of solvent leaving 12.33 g of 
a tacky yellow solid. This solid was slurried in 250 mL of heptane to remove 
unreacted aniline and side products. After stirring for 36 hours, a yellow solid 
was filtered off, dried under a vacuum, and weighed in a glove box. The 
amount of the solid recovered was 8.45 g. The solid was identified by 'H-NMR 
spectroscopy as bis(cyclopentadienyl) zirconium bis(monophenyl amide). 
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Example II 

The procedure of Example I was repeated by replacing aniline 
with 2,6-diisopropyl aniline. The process resulted in the recovery of 33 g, a 
solid identified by 'H-NMR spectroscopy as the metallocene 
bis(cyclopentadienyl) zirconium bis(2,6-diisopropylphenyl amide). 

Example III 

In this example 4.4 g of a 35 weight percent slurry of potassium 
hydride in mineral oil was dispersed in 50 mL of 1 ,2-dimethoxy-ethane (DME). 
A mixture of 8.2 mL of hexamethyldisilazane was mixed with 10 mL of DME 
and this mixture was added dropwise to the potassium hydride mixture. The 
resulting slurry was stirred overnight and then added slowly to a mixture of 
4 mL of 2,4-difluoroaniline in 20 mL of DME. After stirring overnight, the 
solution was added slowly to a toluene solution containing 5.56 g of 
dicyclopentadienyl zirconium dichloride. The resulting slurry was again stirred 
ovemight. The solvent was stripped off and replaced by 150 mL of toluene. 
The solution was filtered and the filtrate was taken to dryness under a vacuum. 
About 150 mL of heptane was added to the resulting gummy product. The 
mixture was stirred for more than 24 hours and gradually gave a yellow solid. 
The solid was filtered off, washed with heptane, and dried under a vacuum. 
The amount of solid recovered was 9.7 g. The 'H-NMR of that solid was 
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consistent with a product containing bis(cyclopentadienyl) zirconium 
bis(2j4-difluoroanilide) and the dimer having the formula as shown in 2a on 
page 8730 of J! Am, Chem. Soc, 110, 8729-873 1 (1988), wherein R is 
2,4-difluorophenyl. It is believed that the solid was about 75 weight percent 
bis(cyclopentadienyl) zirconium bis(2,4-difluoroanilide). 

Example IV 

The solid of Examples I-III were then evaluated to determine if 
they could be employed to polymerize ethylene. A control run was conducted 
using bis(cyclopentadienyl) zirconium dichloride. The polymerizations were 
carried out in a 1 gallon reactor in two liters of isobutane without hydrogen 
addition at 80°C and 275 psig total pressure in the presence of 10 mL of a 
10 weight percent toluene solution of aluminoxane obtained jfrom Albemarle 
Corporation. In each case, a solution of the metallocene was made up in 
toluene and a portion of this was added to the reactor. In each case, the 
solution of the metallocene was made using 0.4 mmoles of the metallocene in 
20 mL of toluene. The amount of the metallocene solution added to the reactor 
was 1 mL, accordingly resulting in 0.02 nmioles of metallocene. The results of 
these polymerizations are summarized in the following table. 
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Table 1 


Metallocene 


MI 


HLMI 


Yield (g) 


Example 1 


0.007 


1.7 


142.4 


Example 2 


0.002 


0.65 


136.8 


Example 3 


0.0217 


3.5 


120.9 


Cp2ZrCl2 


0.001 


0.57 


343.5 



The productivities of the inventive catalysts are approximately equal and there 
were no significant differences in the molecular weight or molecular weight 
distribution of the polymers obtained with the inventive catalysts. 
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THAT WHICH IS CLAIMED IS: 

1 . A catalyst system comprising the product resulting from the 
combination of a metallocene having a monoorganoamide bonded to the metal 
of the metallocene and a cocatalyst having alkylaluminum functionality. 

2. A catalyst system according to claim 1 wherein the 
cocatalyst comprises an organoaluminoxane. 

3. A catalyst system according to claim 2 wherein the 
cocatalyst comprises a trialkylaluminum. 

4. A catalyst system according to claim 3 wherein the 
cocatalyst comprises trimethylaluminum. 

5. A catalyst system according to claim 4 wherein the 
cocatalyst comprises methylaluminoxane and the monoorganoamide is a 
monoarylamide. 

6. A catalyst system according to claim 5 wherein the aryl 
group of the monoarylamide radical is selected from the group consisting of 
phenyl, 2,6-diisopropylphenyl5 2,4-difluorophenyl, 2,6-dimethylphenyl, 
2,3,4,5,6-pentafluorophenyl, 4-tetrabutylphenyl, and 2-methylphenyL 

7. A catalyst system according to claim 6 wherein the metal of 
the metallocene is zirconium. 
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8. A catalyst system according to claim 7 wherein the aryl 
group of the monoarylamide radical is phenyl. 

9. A catalyst system according to claim 7 wherein the aryl 
radical of the monoarylamide radical is 2,6-dimethylphenyl. 

10. A catalyst system according to claim 7 wherein the aryl 
radical of the monoarylamide radical is 2,4-difluorophenyl. 

11. A process for polymerizing an olefin comprising combining 
at least one olefin with a catalyst system as set forth in claim 1 under suitable 
polymerization conditions. 

12. A process according to claim 1 1 wherein ethylene is 
polymerized and the cocatalyst comprises methylaluminoxane. 

13. A process according to claim 12 wherein the catalyst system 
is produced by combining the cocatalyst with bis(cyclopentadienyl) zirconium 
bis(monophenyl amide). 

14. A process according to claim 12 wherein the catalyst system 
is produced by combining the cocatalyst with bis(cyclopentadienyl) zirconium 
bis(2,6-diisopropylphenyl amide). 

15. A process according to claim 12 wherein the catalyst system 
is produced by combining the cocatalyst with bis(cyclopentadienyl) zirconium 
bis(2,4-diflourophenyl amide). 
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16. A process according to claim 12 wherein the catalyst system 
is formed using a bridged metallocene having polymerizable unsaturation 
attached to at least one cyclodienyl group. 

17. A process according to claim 16 wherein the catalyst system 
is formed using a metallocene selected from l-(9-fluorenyl)-l- 
(cyclopentadienyl)-l -(methyl)- l-(but-3-enyl) methane zirconium bis (monoaryl 
amide)s. 

18. A process according to claim 12 wherein the catalyst system 
is formed using a metallocene having an indenyl group and a fluorenyl group 
connected by a bridging structure wherein both the indenyl group and the 
fluorenyl group are pi bonded to the metal of the metallocene. 
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Abstract of the Invention 

A catalyst system comprising the product resulting from the 
combination of a metallocene having a monoorganoamide radical attached to 
the metal of the metallocene and a cocatalyst having alkylaluminum groups and 
the use of such catalyst systems in the polymerization of olefin. 



33688US 



DECLARATION, POWER OF ATTORNEY, AND PETITION 

To The Commissioner of Patents and Trademarks: 
I, Joel L. Martin, declare: 

that I am a citizen of the United States of America residing at 636 SE Kenwood 
Drive, Bartlesville, Oklahoma 74006 and havmg a post office address of 636 SE Kenwood Drive, 
Bartlesville, Oklahoma 74006; 

that I have reviewed and understand the contents of the attached specification and 
claims and I verily believe I am the original, first, and sole inventor or discoverer of the invention 
or discovery in CATALYST AND PROCESS FOR POLYMERIZING OLEFINS described 
and claimed therein and for which a patent is sought; 

I acknowledge my duty to disclose to the U.S. Patent and Trademark Office all 
information known to me to be material to patentability as defined in Title 37 Code of Federal 
Regulations § 1.56; 

and I hereby appoint Edward L. Bowman, Registration No. 27,116; Carl D. 
Corvin, Registration No. 34,569; RyanN. Cross, Registration No. 33,861; Beverly M. Dollar, 
Registration No. 32,870; John M. Fish, Jr., Registration No. 25,863; Gary L. Haag, Registration 
No. 35,529; Bion E. Hitchcock, Registration No. 26,613; Lynda S. Jolly, Registration No. 
32,736; Allen W. Richmond, Registration No. 28,662; Lucas K. Shay, Registration No. 34,724; 
and Charles W. Stewart, Registration No. 34,023; who comprise the firm of Richmond, 
Hitchcock, Fish & Dollar, P. O. Box 2443, Bartlesville, Oklahoma, 74005, Registration No. 
20,286; and Archie W. Umphlett, Registration No. 25,935, each attorney a member of the Bar 
of the State of Oklahoma or the District of Columbia; my representatives with Ml power of 
substitution and revocation, to prosecute this application and to transact all business in the Patent 
and Trademark Office connected therewith. 

I declare fiirther that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and fiirther that 
these statements are made with the knowledge that willfiil false statements and the like so made 
are punishable by fine or imprisonment, or both, under section 1001 of Titie 18 of the United 
States Code and that such wdllful false statements may jeopardize the vaUdity of this application 
or any patent issuing thereon. 

Wherefore I pray that Letters Patent be granted to Phillips Petroleum Company, 
a corporation organized and existing under the laws of the State of Delaware and domiciled and 
having an office at Bartlesville, Oklahoma, as assignee, for the invention or discovery described 
and claimed in the foregoing specification and claims, and I hereby subscribe my name to the 
foregoing specification and claims, declaration, power of attorney and this petition. 



Correspondence Address: 

do RICHMOND, HITCHCOCK, 
FISH i& DOLLAR 
P.O. Box 2443 

Bartlesville, Oklahoma 74005 



Invento] 



Joel L. Martin 



Date V ^ k> 



